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In shell model calculations for the yrast even spin states 
of ®°Cr, the static quadrupole moments of the low spin states 
2f and 4:f are negative but those of the high spin states lO)*", 
12^ and 14:f are positive. Even spin states beyond the single 
j shell limit, Jmax=14, again have negative moments. While 
the i3(E2)’s for the J ^ J — 2 transitions are strongest along 
the yrast path for J < 8, it is found that the transition from 
the second J—10 state to the first J=8 state (lOj —>8)'') is 
much stronger than the 10)*’ — > 8)*" transition. We also note 
that while the 16)*' —> Id)*" transition is weak, the 16)^ ^ 14^ 
is quite strong. 


I. INTRODUCTION 

In this work we wish to show that some interesting 
behavior concerning nuclear collective motion can emerge 
from shell-model calculations. In particular, we will show 
that as we go up in even spin along an yrast path, the 
static quadrupole moments can undergo several changes 
of sign. 

We will focus on the nucleus ^°Cr. Many years ago, sin¬ 
gle j shell calculations were performed on this and neigh¬ 
boring nuclei by McCullen, Bayman, and Zamick (MBZ) 
[Q and by Ginocchio and French (GF) ||]. In these cal¬ 
culations all the nucleons were in the /7/2 shell and the 
two-body matrix elements were taken from experiment. 
Of particular interest were the cross-conjugate relation¬ 
ships, i.e., the spectrum of ®°Cr in the single j shell limit 
is identical to that of ^®Ti Q. This is due to the fact that 
in this limited space, the Hamiltonian is invariant under 
the interchange of protons and neutron holes and proton 
holes and neutrons. For the nucleus "‘^Ti, this transfor¬ 
mation takes us back to '^®Ti and leads to the signature 
selection rules 

More recently, however, E. Gaurier et al. IJ] have shown 
that the single j shell is inadequate and that by doing 
complete fp shell calculations, especially in "‘^Cr, one 
gets a behavior which approaches rotational motion. 

Experimentally, “preliminary” results were presented 
to us by J. Cameron Q at the 12th CAP Summer Insti¬ 
tute of Theoretical Physics (July 1994) for possible very 
high spin states, i.e., greater than and equal to the single 
j shell (/7/2) limit of Jmax = 14. We are however not at 
liberty to quote these results. 


II. THE SINGLE J SHELL RESULTS FOR ®°CR 

In the single j shell (77/2) calculation for ®°Cr, one can 
get states of all spins up to Jmax=14 [|l|,||. For J=14, 
there is a unique configuration in which the four protons 
couple to angular momentum Jp=8 and the six neutrons 
to J„=6. All yrast even spin states up to J=12 have 
been identified experimentally . The energies of these 
even J states from J=2 to J=12 as given in Ref. are 
0.783, 1.881, 3.167, 4.745, 6.341 and 7.614 MeV, respec¬ 
tively. The single j MBZ results are 1.100, 2.173, 3.264, 
4.982, 6.431 and 8.282 MeV. The overall agreement is 
quite good, considering the simplicity of the model. It 
should be noted that the MBZ Q and GF single j 
results are much better than those of the “FPD6” inter¬ 
action 0 used here (see Table I). The reason for this 
is that the “FPD6” interaction is designed to give good 
results in an extended fp space calculation, rather than 
the f’j /2 space. In the older calculations, the act of tak¬ 
ing matrix elements from experiment does succeed to a 
large extent in mocking up the effects of configuration 
mixing. However, we will soon see that even if this em¬ 
pirical procedure works for energies, it does not work for 
other quantities such as matrix elements of one-body op¬ 
erators, the quadrupole operator in particular. 

In Table I we show the results of the quadrupole mo¬ 
ments Q and i?(E2)’s for J J — 2 transitions with the 
“FPD6” interaction (^. We list separately the proton 
and neutron quadrupole moments Qp and Qn and the 
E2 amplitudes Ap and A„ such that 

B{Yj2 : J —> J — 2) = {cpAp + CnAn)^, (1) 

Q — t^pQp T (2) 

where Cp and e„ are the effective charges for protons and 
neutrons, which we take to be 1.5 and 0.5. We note that 
the i?(E2)’s along the yrast path are quite strong but the 
quadrupole moments change sign as we go from low spin 
to high spin. 

It is not difficult to understand the single j results 
for the quadrupole moments. For the 77/2 shell, the 
quadrupole moment of a single proton is negative: 

Q(1P: = = (3) 

The quadrupole moment for a proton hole is opposite in 
sign to that of a proton: +3b^. Here b = ^JTi/{Mlo) is 
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the characteristic length of the harmonic-oscillator basis. 
For two protons in the j shell coupled to a total angular 
momentum of J, the quadrupole moment is 

Q(2p : J) = J J J I J J)Qilp). (4) 

(2 J Oj I J j) 

Using b = 2.0 fm, we get 

Q{2p : J = 2) = 7.84 efm^ 

Q{2p : J = 4) = 1.25 efm^ 

Q{2p : J = 6) = -13.70 efm^. (5) 

With four protons we are at midshell and the static 
quadrupole moment for any state of the j'^ configuration 
is zero. 

For ®°Cr, the simplest state is the one with the max¬ 
imum possible J in the single j shell, namely, J = 14. 
The quadrupole moment for this state is 

(3(®°Cr : J=14) = ep(3(4p : J = 8)-f e„(5(2h : J = 6) 

= 0-he„13.70 = 6.85 (eW). (6) 

This explains the J = 14 result in Table I. In the above 
equation, we use 2n to represent two neutron holes. The 
fact that for two identical particles (holes), the lower 
spins J=2 and 4 have a positive (negative) Q and the 
higher spin J=6 has a negative (positive) Q, plus the 
fact that four identical nucleons have a zero Q help ex¬ 
plain why one gets corresponding results in ®*^Cr. 

Let us consider one more example, the J’^=10)^ state. 
The MBZ [|^ wave function is written as 

|10^)mbz = Y . 

where D'^{Jp, Jn) is the probability amplitude that the 
protons couple to Jp and the neutrons couple to Jn- The 
wave function in detail is 

|10^)mbz = 0.42[6,4]i° - 0.46[4,6]^° -h 0.71[4*, 6]^° 

-I-[small components] . (8) 

In the above, the states |4) and |4*) have seniorities 2 
and 4 respectively. The fact that the six neutrons (or 
two neutron holes) have a high probability of coupling to 
angular momentum J„=6 accounts for the fact that for 
the 10]^ state, the value of Qn in the single j shell limit is 
large and positive. Again, in this limit, the four protons 
will have a zero quadrupole moment. However, as can be 
seen from the structure of the wave function, we can get 
off diagonal non-zero contributions to Qp. 

III. ALLOWING NUCLEONS TO BE EXCITED 
FROM THE Fy2 SHELL 

In Tables II and III, we give results for Q and i?(E2) 
obtained in extended space calculations in which a maxi¬ 
mum number of t nucleons {t=l for Table II and t=2 for 


Table III) are allowed to be excited from the / 7/2 shell. In 
Table IV, results are shown for selected states obtained 
for f > 2. These results should be compared with those 
in Table I from the single f'j /2 shell model (t=0). 

The first thing to notice is that the largest spin Jmax 
is 18 for t=l and 20 for t=2 while it is 14 in the single j 
shell (t=0). In a complete fp space calculation (f=10), 
the largest even spin is 22 and the largest overall spin is 
23. 

Concerning the energy levels, we note that in the larger 
space calculation, they are more spread-out. For exam¬ 
ple, the 10]*’, 12]^ and excitation energies in Table I 
are 3.50, 3.99 and 5.17 MeV respectively, but when up 
to two nucleons {t=2) are allowed to be excited (Table 
III), these energies become 5.45, 6.48, and 8.64 MeV re¬ 
spectively. There is a tendency for the spectrum to look 
more collective. 

Note that the sign changes for the quadrupole mo¬ 
ments of the 6]*’ and 8]*’ states as we go from t—0 to 
t = 1, 2 and 3. The quadrupole moment Q for the 
6]^ state is positive (7.62 efm^) in the single j calcula¬ 
tion; it changes sign and becomes -4.21 efm^ in the t=l 
calculation; but in the t=2 calculation it again becomes 
positive (2.65 efm^); it undergoes another change of sign 
and becomes -8.11 efm^ in the t=3 calculation. In all 
these calculations, Q has remained small in magnitude 
for the 6]*' state. For the 8]^ state, Q starts with a small 
and positive number (1.97 efm^) in the single j calcula¬ 
tion and becomes negative for t=l (-9.73 efm*^) and be¬ 
comes even more negative for t=2 (-13.37 efm^) and for 
t=3 (—20.72 e fm^). The quadrupole moment for 16]*’ also 
starts out positive and becomes large and negative as the 
configuration space is enlarged. The t=l, 2 and 4 results 
for 16]*’ are 4.64, -0.26 and -9.88 efm^, respectively. 

The quadrupole moments have remained negative for 
the lower spin states 2]*’ and and positive for the 
higher spin states 10]*’, 12]*’, and 14f in different model 
spaces. For even higher spin states, 18]*’, 20]*’ and 22]*’ 
that only exist in the t>l, t>2, t>3 spaces re¬ 
spectively, the quadrupole moments are again negative. 
The quadrupole moments increase in magnitude with t 
in general, again indicating more collectivity in larger 
spaces. 

It is interesting to note that the i3(E2)’s for the J —> 
J—2 transitions get enhanced for J’^=2]'’, 4'^, 6]*’ and 8]*' 
but the transition from lO]*" to S]*" gets reduced as we go 
to the larger space. This strange behavior motivated us 
to look at other transitions, in particular, the transition 
from the 10J state to the 8]*’ state. While for t=0, 1, 2 
and 3, the values of B(E2) for lO]*" —> 8]*’ are 80.1, 40.7, 
37.8, and 28.7 fm^ respectively, the corresponding val¬ 
ues for IO 2 —> 8]*’ are 25.1, 86.3, 95.3, and 140.0 e^fm'* 
respectively. This suggests that we associate the lOj 
state as a member of the “ground-state band” which in¬ 
cludes O]*", 2f, 4f, O]*’ and 8]'’. This is further supported 
by the fact that for t=3, the quadrupole moment of the 
10]*’ state is large and positive (45.7 efm^) while that of 
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the lOj state is small and negative (—4.0efm^). The 
8]^ moment is also negative. We also note that although 
the quadrupole moment Q for the 6]^ state is small and 
sometimes positive (for t = 0 and 2), the B(E2) for its 
transition to the state (whose quadrupole moment is 
large and negative) is strong and gets enhanced as we go 
from t=0 to t=2. 

Of special interest is the transition 16)'' to 14)''. This is 
a transition from a state which cannot exist in the single 
/y /2 model space to a state which has the highest possible 
angular momentum allowed in the single / 7/2 shell. The 
value of B(E2) for this transition is persistently small: 4.8 

fm"* for t=l, 6.4 fm'^ for t=2 and 4.5 fm'^ for t=4. 
However, there is a very strong transition from the 16)^ 
state to the second 14+ state, 14^: i?(E2) = 103.5 e^fm'^ 
for t=2 and B(E2) = 122.8 e^fm"* for t=4. Presumably 
the 14f state is mainly of an character while the 14^ 
state, just like the 16)'' and higher spin states, require 
excitations of outside the / 7/2 shell for its existence. The 
smallness of the B{E2) for the transition 20)^ —> 18)'' (and 
for 22^ 20)^) can be explained similarly by noting that 

J = 18 is the highest possible angular momentum for the 
t=\ model space while one has to allow two nucleons to 
be excited from the f-j /2 shell {t=2) to get J=20. 


IV. THE ROTATIONAL MODEL 


In the extreme rotational model, all the quadrupole 
moments and i3(E2)’s in a rotational band are given in 
terms of a single intrinsic quadrupole moment Q : 


Q{J) = 


- J(J+ 1) 
(J+l)(2J + 3) 


(9) 


t=2 shell model so that it makes no sense to compare the 
two sets of results. 


V. VERY HIGH SPIN STATES - MORE 
ACCURATE CALCULATIONS 

In Table IV, we present results for high spin states 
with as large as possible values of t as we can handle. 
For J'^ = 14+ and 16+, we have t=4; for 18+, t=6 and 
for 20+ and 22+, we have complete fp shell calculations 
(t=10). 

We see that for 14^, the t=4 results do not differ so 
much from the t=2 results. However, when we consider 
states with J > 14, which we recall do not occur in an 
(/ 7 / 2 )p(/ 7 / 2 )" configuration, there is a large difference 
between the t=2 and the higher t results. For example, 
when t=2, the values of Qp and Qn from Table HI for 
are -1.37 and 3.58 efm^. For t=4, the corre¬ 
sponding values, shown in Table IV, are -4.77 and -5.47 
efm^. For 20)'', the t=2 values are -2.24 and -14.15 efm^ 
but for t=10 (full fp space) the values are -14.34 and 
-20.81 efm^. For J > 16, it is clearly essential to do 
the calculation with high values of t. Fortunately, the 
number of configurations is less for very high J than it 
is for low J so that such high t calculations can be done 
more readily. For example, to form a state with J=22, 
at least two protons and two neutrons have to be in the 
/ 7/2 shell, therefore the t=10 calculation for this state is 
equivalent to the t=6 calculation. 

We can gain insight as to why the very high spin 
states have negative quadruple moments by looking at 
the largest spin, J=23. To form an M=23 state, we 
write down the following configuration: 


B(E2, Ji ^ J 2 ) = K20\J2K)^ . (10) 

lOTT 

The ratio H(E2, J ^ J-2)/H(E2,2+ ^ 0+) for a K=0 
band would have the following values for J=2, 4, 6, 8 
and 10: 1, 1.43, 1.62, 1.65 and 1.69. There is a steady 
but slow rise as J increases. The corresponding ratios 
from Table I (single / 7/2 shell) for J'^=2f, 4'^, 6)^, 8)^ 
and 10)^ are 1, 1.36, 1.09, 1.15 and 0.76. In the larger 
space calculation {t=2, Table HI), for J'^=2^, 4f, 6)'', 
8)^ and 10^, the ratios are 1, 1.45, 0.95, 0.97 and 0.63. 
These calculated H(E2)’s do not obey a simple rotational 
formula with a constant Qq. However, the i?(E2)’s are 
still substantial so we can still speak of the 0)'' to 8)'' and 
IO 2 states as being part of a band. 

From the rotational formulae above, the ratio 
B{E2, J J—2)/Q‘^{ J) has a value of 0.242 for J=2 and 
0.215 for J=4. The t=2 results from Table HI, using ef¬ 
fective charges of ep=1.5 and e„=0.5, yields for the same 
ratio of 0.313 for J=2 and 0.269 for J=4. The agreement 
is not too bad. However, for J > 6 there are enormous 
deviations between the simple rotational model and the 


Neutrons :/7/2,- 1 - 7 / 2 , /7/2,- 1 - 5 / 2 , /7/2,- 1 - 3 / 2 , /5/2,- 1 - 5 / 2 , 

/5/2,- 1 - 3 / 2 , P 3 / 2 ,+ 3 / 2 ; 

Protons: /7/2,- 1 - 7 / 2 ,/7/2,- 1 - 5 / 2 ,/7/2,- 1 - 3 / 2 ,/5/2,-|-5/2- (H) 

Note that M„=13 and Mp=10. The neutron configura¬ 
tion is unique. For the protons, there are two additional 
configurations with Mp=10 which can be obtained by re¬ 
placing f 7 / 2 ,+ 3/2 in the above by / 5 / 2 .-H 3/2 or P 3 i 2 ,+ 3 / 2 - 
We choose f 7 / 2,+312 which has the lowest single particle 
energy for simplicity. 

With the above wave function, the proton quadrupole 
moment Qp is just the sum of the four single particle 
moments; likewise for the neutrons. The results are: 
Qp = —4.7146^ and Qn = —66^. With b = 2fm, we 
get Qp = —18.86efm^ and Qn = —24efm^. The t=10 
shell model result for Qn is exactly the same, as it should 
be since the neutron configuration is unique. For Qp, the 
t=10 shell model result is Qp = —23.00 efm^ due to con¬ 
figuration mixing. 
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VI. CLOSING REMARKS 
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We have shown that the shell model is useful for exam¬ 
ining and uncovering non-trivial aspects of nuclear col¬ 
lectivity. By calculating static quadrupole moments in 
extended fp spaces (Table III for J < 4 and Table IV for 
J > 6), we are able to find a change of shape in the yrast 
band from prolate at low J (J < 8) to oblate at higher 
J 12^ and 14^ where J=14 is the maximum spin 

allowed by the fy^ configuration) and another change 
of shape from oblate back to prolate for even higher J 
(J > 16). By looking at i?(E2)’s, it appears that the 
even spin states 0)*', 2)*", 4'^, G)*", S)*", and 10J form a pro¬ 
late band, while 10)'', 12)'', and 14^ belong to an oblate 
band. The prolate band member = 6)'' has a smaller 
(in magnitude) quadrupole moment compared to other 
members of the band whose quadrupole moments are all 
large and negative. 

The higher spins (J > 16) which are only present in the 
extended fp space do not appear to be part of this oblate 
band because the transition » 14f is weak and be¬ 

cause their static quadrupole moments are negative while 
the members of the oblate band, 10)'', 12^ and 14^ have 
(calculated) positive quadrupole moments. We note that 
while the E2 transition 18)'' —> is strong, the transi¬ 
tions 16^ 14)^, 20)^ ^ 18)^ and 22+ 20)^ (see Table 

IV) are weak. This can be attributed to the fact that 
the initial and final states in these weak transitions are 
dominated by different configurations: (/ 7 / 2 )^° for J=14, 
(/ 7 / 2 )® (^ 3 / 2 / 572 )^ for J=16 and 18, ( 77 / 2 )® (P 3/2 75 / 2 )'^ 
for J=20, and ( 77 / 2 )’'' (P 3 / 275 / 2 )® for J=22. 

The most credit for the resurgence of interest in this 
region of the periodic table (^®Cr and environs) goes to 
E. Caurier and collaborators Q who not only developed a 
code which made it possible to handle large model spaces, 
but also made the important connection between the shell 
model and nuclear collectivity. With all the advances up 
to now, it still must be acknowledged that the conver¬ 
gence in terms of number of particles excited is rather 
slow. To make a precise connection between the shell 
model and nuclear collectivity is still not a trivial mat¬ 
ter. New technologies for speeding up the shell model by 
the Caltech group Q look very promising. 

The old problem of choosing the proper shell model 
basis to explain collective motion has not yet been prop¬ 
erly solved for the fp shell — we recall the early work 
of Bhatt and McGrory ||^ who showed that while SU(3) 
might work in the lower part of the sd shell, this is not the 
case in the fp shell. The culprit is the large P 3/2 — 77/2 
splitting. Thus one can invent truncation schemes which 
appear to be clever but which don’t really work. Thus the 
large shell model approach, however distasteful it may 
appear to some people, seems to be the best way to go 
at the moment. 
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TABLE I. The single j results (i.e., t=0) for the excitation energies Ex (in units of MeV) and the quadrupole moments 
Q (in units of efm^) of the lowest one or two even J states in ^°Cr with the “FPD6” interaction [Q. The i3(E2)’s 
(in units of e^fm^) for the relatively strong E2 transitions from these states are also listed. The i3(E2)’s for a few 
weak transitions are also given for the purpose of comparison. The effective charges Cp = 1.5 and e„ = 0.5 are used to 
compute Q and B(E2). For other choices of the effective charges, Q and B(E2) can be obtained from Qp, and Ap, 
An shown in the table through: Q = (cpQp + CnQn) and B(E2) = (epAp + J= 14 is the maximum possible 

J value in this model space. 


Initial State 

Ex 

Qp 

Q n 

Q 

Final State 

Ap 

An 

B(E2) 

n 

0.913 

-3.24 

-5.86 

-7.79 

or 

4.58 

4.02 

78.8 


1.655 

-3.35 

-5.76 

-7.90 

2r 

5.50 

4.17 

106.9 


2.107 

5.34 

-0.78 

7.62 

4r 

4.98 

3.57 

85.6 


2.954 

1.89 

-1.72 

1.97 

or 

5.01 

4.00 

90.6 


3.573 

6.72 

4.62 

12.39 

or 

0.29 

-0.29 

0.1 

10+ 

3.496 

10.13 

8.93 

19.66 

sr 

4.12 

3.16 

60.1 






sr 

3.26 

1.00 

29.1 

10+ 

3.871 

4.58 

5.32 

9.54 

sr 

2.55 

2.39 

25.1 






sr 

1.39 

2.67 

11.7 

12+ 

3.993 

0.41 

13.02 

7.12 

lor 

3.83 

1.97 

45.3 






10+ 

0.96 

2.27 

6.6 

12+ 

5.316 

0.14 

-1.25 

-0.42 

10+ 

1.58 

0.71 

7.4 






10+ 

3.04 

0.87 

24.9 

14+ 

5.166 

0.00 

13.70 

6.85 

i2r 

4.68 

0.81 

55.0 


TABLE 11. Same as Table I but for an extended model space in which one nucleon is allowed to leave the f’j /2 orbit 
and occupy the rest of the fp shell (i.e, t=l). J = 18 is the maximum possible J value in this model space. 


Initial State 

Ex 

Qp 

Qn 

Q 

Final State 

Ap 

An 

B{E2) 

2r 

0.726 

-9.74 

-11.14 

-20.18 

or 

5.67 

5.87 

130.8 

4r 

1.555 

-12.36 

-12.22 

-24.64 

2r 

7.05 

5.92 

183.4 

or 

2.349 

-1.15 

-4.95 

-4.20 

4r 

6.22 

5.72 

148.6 

sr 

3.470 

-3.85 

-7.89 

-9.73 

or 

6.13 

-6.04 

38.2 

sr 

4.229 

7.12 

10.98 

16.17 

or 

0.56 

0.28 

1.0 

lor 

4.277 

16.58 

17.02 

33.39 

sr 

3.13 

3.37 

40.7 






sr 

3.56 

1.09 

34.6 

10+ 

4.807 

2.54 

2.36 

4.99 

sr 

4.55 

4.92 

86.3 






sr 

0.46 

1.99 

2.8 

12+ 

5.191 

3.45 

17.27 

13.81 

lor 

4.04 

2.45 

53.1 






10+ 

1.83 

3.12 

18.5 

12+ 

6.825 

-2.10 

-1.42 

-3.86 

lor 

1.22 

0.76 

4.9 






10+ 

4.05 

2.97 

57.2 

14+ 

6.973 

1.78 

18.39 

11.87 

i2r 

4.84 

2.02 

68.5 

i4r 

10.493 

-3.76 

10.39 

-0.44 

12+ 

0.28 

0.88 

0.7 

16+ 

11.851 

-0.20 

9.88 

4.64 

i4r 

0.66 

2.42 

4.8 






i4r 

0.77 

-0.07 

1.3 

18+ 

13.634 

0.00 

-1.71 

-0.86 

ler 

2.33 

3.42 

27.1 


5 














TABLE III. Same as Table I but for an extended model space in which a maximum of two two nucleons are allowed 
to leave the / 7/2 orbit and occupy the rest of the fp shell {t=2). J = 20 is the maximum possible J value in this 
model space. 


Initial State 

Ex 

Qp 

Qn 

Q 

Final State 


-^n 

B(E2) 


1.051 

-10.62 

-12.14 

-22.01 

or 

6.11 

6.32 

151.8 


2.061 

-14.32 

-14.18 

-28.56 

2t 

7.63 

6.76 

219.6 

6^ 

2.934 

2.41 

-1.95 

2.65 


6.11 

5.67 

144.1 

8^ 

4.405 

-5.52 

-10.18 

-13.37 

or 

6.04 

6.19 

147.6 

8j 

5.312 

5.59 

10.95 

13.86 

or 

1.33 

0.52 

5.1 

10+ 

5.446 

18.43 

18.40 

36.85 

sr 

2.98 

3.36 

37.8 






sr 

2.90 

0.82 

22.7 

10+ 

6.015 

1.44 

1.28 

2.80 

sr 

4.68 

5.50 

95.3 






sr 

-0.03 

1.67 

0.6 

12+ 

6.482 

4.22 

17.74 

15.20 

10+ 

3.70 

2.42 

45.8 






10+ 

1.66 

3.05 

16.2 

122+ 

8.389 

-3.09 

-2.67 

-5.97 

10+ 

1.37 

1.04 

6.7 






10+ 

4.26 

3.43 

65.8 

14+ 

8.642 

1.34 

17.93 

10.97 

12+ 

4.69 

1.95 

64.1 

142+ 

11.937 

-0.53 

4.01 

1.21 

12+ 

0.62 

1.77 

3.3 

16+ 

13.883 

-1.37 

3.58 

-0.26 

14+ 

0.90 

2.34 

6.4 






14 

4.82 

5.90 

103.5 

18+ 

14.468 

-2.45 

-2.39 

-4.87 

16+ 

3.85 

5.03 

68.6 

20^ 

21.424 

-2.24 

-14.65 

-10.69 

18+ 

0.16 

1.01 

0.6 


TABLE IV. Same as Table I but for larger model spaces where a maximum number of t (given in the table) nucleons 
are allowed to be excited from the / 7/2 shell. Only states with J >6 are calculated. J = 23 is the maximum possible 
J value in the full fp (t=10) space. 


Initial State 

t 

Qp 

Qn 

Q 

Final State 

Ap 


B(E2) 

er 

3 

-3.37 

-6.10 

-8.11 





or 

3 

19.04 

14.80 

35.95 





4 

3 

-9.37 

-13.33 

-20.72 

er 

6.96 

7.42 

200.0 

00 
10 + 

3 

5.41 

11.54 

13.89 

er 

1.60 

1.11 

8.7 

10+ 

3 

22.74 

23.18 

45.70 

4 

2.55 

3.06 

28.7 






4 

2.81 

1.34 

23.9 

10+ 

3 

-1.92 

-2.19 

-3.98 

4 

5.62 

6.80 

140.0 






4 

-0.41 

1.06 

0.0 

12+“^ 

3 

5.83 

19.64 

18.56 

lor 

3.69 

2.46 

45.9 






10+ 

2.03 

3.26 

21.9 

12+'’’ 

3 

-5.47 

-3.78 

-10.09 

lor 

1.18 

1.11 

5.43 






10+ 

4.85 

4.73 

93.0 

14+ 

4 

1.21 

18.35 

10.99 

12+ 

4.58 

2.35 

64.6 

142+ 

4 

-5.44 

-5.19 

-10.76 

12+ 

2.74 

3.85 

36.4 

16+"’ 

4 

-4.76 

-5.47 

-9.88 

14+ 

0.89 

1.57 

4.5 






14^ 

5.11 

6.83 

122.8 

18+'"’ 

6 

-4.90 

-5.22 

-9.96 

16+ 

4.92 

4.97 

97.2 

20+ 

10 

-14.34 

-20.81 

-31.92 

18+ 

0.60 

1.03 

2.0 

22^ 

10 

-24.27 

-27.28 

-50.04 

2or 

1.45 

1.19 

7.7 


The t=4 results for the Q’s of the 12f state are: Qp = 6.27efm^, Qn = 19.88 efm^ and Q = 19.35 efm^; 

The t=4 results for the Q’s of the 12^ state are: Qp = —8.25efm^, Qn = —5.58efm^ and Q = —15.17efm^. 
The t=6 results for the Q’s of the IG)*" state are: Qp = —5.45efm^, Qn = —6.72 efw? and Q = —11.54 efm^. 
The t=10 results for the Q’s of the 18)'’ state are: Qp = —4.90efm^, Qn = —5.23efm^ and Q = —9.97 efm^. 
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